To ascertain the effectiveness of this protection a cohort of 252 consecutive in-vitro fertilization (IVF) or IVF with intracytoplasmic sperm injection (ICSI) cycles was studied. Twenty women with exaggerated response were treated with coasting. Despite coasting, four patients developed severe OHSS requiring hospitalization. Two of these four patients also required paracentesis. Multiple regression analysis in coasting cycles revealed severe OHSS was related to youth, number of oocytes retrieved and serum oestradiol prior to human chorionic gonadotrophin (HCG). Risk of developing severe OHSS was multifactorial and not necessarily prevented by withholding gonadotrophin.
Introduction
Severe ovarian hyperstimulation syndrome (OHSS) remains a potential complication of ovulation induction (Delbaere et al., 1997; Elchalal and Schenker, 1997) . One simple strategy to prevent severe OHSS is withholding gonadotrophin administration (coasting) in selected high responders (Sher et al., 1993; Benadiva et al., 1997) . In contrast to cycle cancellation or cryopreservation of all embryos, embryo transfer can be done without delay or further cost.
The risk of developing severe OHSS depends on multiple factors (Delvigne et al., 1993; Elchalal and Schenker, 1997) and a single strategy may not prevent an adverse consequence with multifactorial causation. The present review was undertaken to understand better the limitations of withholding gonadotrophin administration to prevent development of severe OHSS. The interaction of demographic and clinical factors that modify the risk of severe OHSS was analysed in women treated by withholding of gonadotrophin administration.
Materials and methods
A cohort of 252 consecutive in-vitro fertilization (IVF) or IVF with intracytoplasmic sperm injection (ICSI) cycles was studied between July 1996 and February 1997 at London Health Sciences Centre, University Campus. Gonadotrophin administration was withheld in 20 women (conventional IVF n ϭ 16, IVF with ICSI n ϭ 4). Criteria for withholding gonadotrophin administration were serum oestradiol Ͼ 10 000 pmol/l and ultrasound indicating many immature follicles with fewer than three follicles Ͼ 18 mm. Principal diagnoses for women treated with coasting were: anovulation (n ϭ 8), male (n ϭ 4), tubal (n ϭ 3), endometriosis (n ϭ 3), and unexplained (n ϭ 2). The decision to give human chorionic gonadotrophin (HCG) was made on the basis of declining oestradiol.
Patients received luteal phase leuprolide (Lupron ® ; Abbott Laboratories, St Laurent, Québec, Canada) or nafarelin (Synarel ® ; Searle Canada, Oakville, Ontario, Canada) and s.c. follicle-stimulating hormone (FSH) (Fertinorm ® ; Serono Canada, Oakville, Ontario, Canada). Gonadotrophin-releasing hormone (GnRH) agonist was continued daily during coasting. Gonadotrophin dosage was individually varied. During coasting serum oestradiol and follicular size were measured daily. Human chorionic gonadotrophin (Profasi ® ; Serono Canada) was administered when serum oestradiol decreased and there were more than four follicles Ͼ 18 mm. Luteal support was oral micronized P (Schering, Pointe Claire, Québec, Canada) 200 mg three times daily. Fresh embryo transfer to a maximum of three embryos was offered with supernumerary embryos cryopreserved. Ovarian hyperstimulation syndrome was considered severe (n ϭ 4) if hospitalization was required for distress associated with ovarian enlargement and ascites. Transabdominal paracentesis (n ϭ 2) was performed as necessary for abdominal or respiratory distress.
Comparisons of general characteristics were made with independent t-tests. Multiple regression analysis with stepwise backward elimination of variables with P Ͼ 0.1 examined factors potentially contributing to severe OHSS: age, body mass index, pregnancy, diagnosis, number of oocytes retrieved and serum oestradiol (WinSTAR, Anderson-Bell, Arvado, CO, USA). Results are presented as mean Ϯ standard deviation. P Ͻ 0.05 was considered significant.
Results
Women treated by coasting received a total of 1920 Ϯ 655 IU s.c. FSH and had gonadotrophin administration for 11.9 Ϯ 2.8 days. Gonadotrophin administration was withheld for 2.8 Ϯ 1.3 days prior to HCG administration. On the day of HCG administration serum oestradiol decreased, as shown in Figure  1 . The number of follicles Ͼ 2.0 cm increased from 1.5 ϩ 1.8 at the start of coasting to 5.1 ϩ 3.4 on the day HCG administration (P ϭ 0.001). The fertilization rate was 63% and the number of embryos cryopreserved was 5.3 Ϯ 5.6. Eight of 20 patients (three of eight with a principal diagnosis of chronic anovulation) became pregnant with fresh embryo transfer. Four singleton, two twin, one triplet and one ectopic gestations resulted. The dose of gonadotrophins was higher in women with anovulation compared to those without (2300 Ϯ 795 versus 1670 Ϯ 405 IU FSH, P ϭ 0.03). Ages were not different by diagnosis within the group treated by coasting.
There were 232 IVF-embryo transfer cycles with no withholding of gonadotrophin administration during the study period. Two of these women were admitted to hospital for severe OHSS, neither requiring paracentesis. The risk of severe OHSS was higher in women treated with coasting (4/20, 20%) compared to those without coasting (2/232, 1%) (χ 2 ϭ 21, P ϭ 0.001). Women with coasting were younger compared to those with uninterrupted gonadotrophin (31.0 Ϯ 3.3 versus 33.0 Ϯ 4.1 years old, P ϭ 0.04) and the number of oocytes retrieved was higher (17.3 Ϯ 6.3 versus 10.4 Ϯ 5.7, P ϭ 0.001).
Severe OHSS was related to multiple variables (F ϭ 5.6, rϭ 0.67, P ϭ 0.009): youth (P ϭ 0.001), number of oocytes retrieved (P ϭ 0.05) and serum oestradiol (P ϭ 0.03).
Discussion
Withholding gonadotrophin administration for excessive follicular response may allow time for in-vivo oocyte maturation. In contrast to the substantial inefficiency associated with in-vivo maturation (Trounson et al., 1994) , excellent pregnancy results are associated with coasting (Sher et al., 1993; Benadiva et al., 1997) .
In the present trial severe OHSS requiring hospitalization occurred in four of 20 women treated with coasting. Two of the four women required not only hospitalization but also paracentesis. Risk factors for severe OHSS were youth, an increased number of oocytes retrieved and higher serum oestradiol. Benadiva et al. (1997) studied a population with different characteristics and came to the contrary conclusion, that coasting prevents severe OHSS. Subjects in the present trial and those studied by Benadiva et al. (1997) had similar oestradiol profiles and duration of coasting, but women studied by Benadiva et al. (1997) were older and none had a primary diagnosis of anovulation, a risk factor for severe OHSS (Delvigne et al., 1993) .
In the present trial women with chronic anovulation required more FSH compared to women with other diagnoses. An aggressive attitude toward stimulation for women with chronic anovulation is associated with favourable live birth results after fresh embryo transfer but also the deleterious effect of an increased risk of severe OHSS.
The optimum duration for withholding gonadotrophin administration is uncertain. In the present trial in which four of 20 patients developed severe OHSS the duration of coasting was 3 days. In contrast Sher et al. (1995) studied 51 patients with a more prolonged coasting of 6 days, none of whom developed severe OHSS. The proportion of women with chronic anovulation was 40% in the present series compared to 12% in the report of Sher et al. (1995) (P ϭ 0.02, Fisher's exact test). While HCG administration after 3 days in the present trial may have been too early to prevent OHSS the differences in OHSS outcome may reflect general differences in patient characteristics.
Elective cryopreservation of all embryos in high-risk patients can be an effective strategy to reduce OHSS (Tiitinen et al., 1995) . However, this strategy is handicapped by the problem of embryo transfer cancellation and inconvenience of subsequent frozen-thaw cycle attempts (Benadiva et al., 1997) .
The magnitude of protection from severe OHSS that withholding gonadotrophin administration provides is not established. Severe OHSS has a multifactorial origin (Delvigne et al., 1993) and mitigating influences of coasting on severe OHSS may be superseded by more powerful underlying general characteristics.
